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Description 

[0001] This invention relates to gas turbine engine 
nozzles, and more particularly to nozzle constructions 
for jet noise suppression. 

[0002] Jet noise is created by the turbulent mixing of 
high velocity engine gases that emanate from the rear 
of a modern gas turbine. The turbulent mixing occurs 
between the high velocity gases and between the high 
velocity gases and ambient. The high velocity exhaust 
gases are typically a mixture of two sources - the hot 
gases resulting from the burnt fuel within the turbine's 
core flow (primary source) and cooler air discharged 
from fan bypass ducts (secondary source). The velocity 
of the core flow is typically in the order of 1600 ft/sec 
(488 ms" 1 ) while the velocity of the fan bypass flow is 
typically in the order of 1 000 ft/sec (305 rns -1 ). The two 
flows when fully mixed result typically in a mixed jet ve- 
locity of 1200 ft/sec (366 ms" 1 ). The velocity gradient 
that exists at the different interfaces or shear regions, 
namely between the downstream mixed and the fan ex- 
haust flows, between the fan exhaust flow and ambient, 
and between the core flow and ambient, results in flow 
disturbances. These flow disturbances or turbulence re- 
sults in jet noise. The turbulent flow in the shear regions 
between the high velocity gases and the ambient air pro- 
duce a significant component of the high levels of noise 
that are objectionable for aircraft operation from com- 
mercial airports. 

[0003] Due to the adverse impact noise has on the 
environment, many countries and airports have im- 
posed increasingly strict noise reduction criteria on air- 
craft. In the United States, the Federal Aviation Admin- 
istration (FAA) has imposed strict noise reduction limits 
on aircraft that are currently in use. In addition, the re- 
strictions imposed by various airports range from finan- 
cial penalties and schedule restrictions to an outright 
ban on the use of the aircraft. An effective and efficient 
noise reduction solution is necessary since these re- 
strictions would severely cut short the useful life for cer- 
tain types of aircraft that commercial airlines are current- 
ly using. 

[0004] Turbofan engines are categorized as either low 
bypass ratio or high bypass ratio, based on the ratio of 
bypass flow to core flow. Jet noise is a well-known prob- 
lem with low bypass ratio engines. In the low bypass 
ratio jet engines, the exhaust gases emanating from the 
core and fan bypass ducts usually mix before they exit 
the engine's exhaust nozzle, where they form a high 
speed plume. The plume rips or shears against the slow- 
er ambient air as it rushes by creating flow turbulence 
and thus jet noise. 

[0005] Typically, newer jet engines are high bypass 
ratio engines which have lower (but still significant) lev- 
els of jet noise than low bypass ratio engines. Most high 
bypass ratio engines have separate flow nozzle exhaust 
systems. High bypass ratio engines have much larger 
fan flows, and overall larger total engine flow rates than 



the low bypass ratio engines. Thrust is obtained through 
larger mass flow rates, and lower jet velocities than low 
bypass ratio engines. Due to lower jet velocities, the lev- 
el of jet noise is decreased in these high bypass ratio 

5 engines as compared to the low bypass ratio engines. 
[0006] However, jet noise remains a problem for mod- 
ern high bypass ratio engines especially during opera- 
tion at high engine power levels. High engine power is 
typically associated with aircraft take-off scenarios 

10 when the engine produces a high thrust and results in 
high velocity exhaust air. The FAA imposes strict noise 
requirements at high power. Modern, high bypass ratio 
engines have to comply with the requirement to provide 
ever-higher thrusts to power new and growth versions 

15 with higher takeoff gross weight of the aircraft. As a re- 
sult, the modern, high bypass ratio engines operate at 
higher jet temperatures and pressure ratios and gener- 
ate higher jet velocities and thus higher jet noise levels 
than earlier models of high bypass ratio engines. 

20 [0007] In the prior art of jet noise suppression, differ- 
ent structures have been devised to reduce noise. For 
example, a lobed mixer concept has been used in the 
past for the long duct, common flow exhaust systems 
such as those used in Pratt & Whitney's JT8D engine 

25 family. 

[0008] Examples of such noise suppression struc- 
tures are found in U.S. Patent Nos. 4,401,269 and 
5,638,675, both assigned to the Applicant. The '269 pat- 
ent to Eiler and the '675 patent to Zysman et al disclose 

30 lobed mixers for a gas turbine engine. The lobed mixer 
includes axially and radially extending chutes. The 
chutes act as gas conduits whereby relatively cool, low 
velocity fan air is directed into the chutes and in turn into 
the hot, higher velocity core gas flow. The lobed mixer 

35 thus increases the mixing of the core and fan bypass 
gases. 

[0009] While the long duct, common flow exhaust sys- 
tems of the prior art, as represented by the exhaust noz- 
zles of the JT8D engine family, the '269 and '675 pat- 

40 ents, have met with great commercial acceptance in the 
aerospace industry, the Applicant is constantly looking 
to improve the separate flow exhaust nozzle systems of 
gas turbine engines, especially during operation of the 
engines at high power levels. Other studies and nozzle 

45 configurations including tab concepts have been pro- 
posed and analyzed to understand the effects and phys- 
ical phenomenon associated with the placement of tabs 
at the nozzle exit. However, heretofore nozzle configu- 
rations incorporating tabs for jet noise suppression have 

50 not resulted in a viable commercial product. Jet noise 
suppression improvements using nozzle tabs have to 
be lightweight, economical, easy to manufacture and in- 
corporate in modern gas turbine engines. Further, noz- 
zles incorporating tabs should not adversely impact en- 

55 gjne thrust or performance. 

[0010] From a first aspect the invention provides agas 

turbine exhaust nozzle as claimed in Claim 1 . 

[0011] From a second aspect the invention provides 
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a nozzle as claimed in claim 8. 

[0012] From a third aspect the invention provides an 
exhaust nozzle system as claimed in claim 9. 
[0013] In broad terms a preferred embodiment at the 
invention provides a gas turbine exhaust nozzle (20, 30) 
comprising an arrangement of tabs extending in radially 
inward and radially outward directions and extending 
circumferentially around the nozzle the tabs in use cre- 
ating vortices for mixing the nozzle flow stream and an 
adjacent flow stream. 

[0014] According to a preferred embodiment of the 
present invention, there is provided agas turbine engine 
exhaust nozzle for suppressing jet noise having an ar- 
rangement of nozzle tabs that are directed and extend 
in a radially inward and radially outward direction for in- 
creasing the effectiveness of the mixing process be- 
tween exhaust gas streams and the ambient air. The 
nozzle tabs are disposed circumferentially on the exit of 
an exhaust nozzle. A preferred embodiment of the 
present invention comprises an alternating arrange- 
ment of tabs directed radially outwardly from the ex- 
haust nozzle, tabs which are a smooth, continuous ex- 
tension of the exhaust nozzle duct, tabs directed radially 
inwardly into the exhaust nozzle, followed by tabs which 
are a smooth, continuous extension of the exhaust noz- 
zle duct. This alternating arrangement is repeated along 
the circumference of the nozzle exit. 
[001 5] The present invention alters flow disturbances, 
which results in noise, by causing vortices to be set up 
by the tabs between the flow streams of the exhaust 
nozzles and ambient air. These vortices facilitate the 
mixing of the core and fan flow streams by drawing the 
fan flow stream radially inwardly into the core flow and 
alternatively by drawing the core flow radially outwardly 
into the fan flow, thus increasing the effectiveness of the 
mixing process. The nozzle tabs of the present invention 
are disposed such that there is a predetermined angular 
relationship between the tabs and the exhaust nozzle. 
The tab angles of protrusion radially into or out of the 
flow streams are determined to minimize the introduc- 
tion of thrust losses for the level of noise reduction 
achieved. The height and number of tabs is a function 
of nozzle geometry. 

[001 6] The present invention has utility in that it allows 
for jet noise suppression with minimal impact to engine 
thrust and performance. The present invention reduces 
jet noise close to the exit end of the engine due to the 
alteration of flow disturbances proximal to the exhaust 
nozzle. Further, the present invention has a minimal im- 
pact on the weight of the gas turbine engine. 
[0017] A preferred embodiment of the invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings, in which: 

Fig. 1 is a perspective view of the exit end of a gas 
turbine engine showing a view of a tabbed exhaust 
nozzle incorporating a preferred embodiment of the 
present invention; 



Fig. 2 is an end view showing a preferred tab ar- 
rangement of the present invention disposed on the 
primary exhaust nozzle of Fig. 1 ; 
Fig. 2A is a sectional view taken along the line 2A- 
5 2A of Fig. 2; 

Fig. 2B is a sectional view taken along the line 2B- 
2B of Fig. 2; 

Fig. 2C is a sectional view taken along the line 2C- 
2C of Fig. 2; 

10 Fig. 3 is a view similar to Fig. 2 showing the inter- 
action between the gas streams that exit the ex- 
haust nozzle and the ambient air; 
Fig. 4 is schematic view, partly broken away and 
partly in section, of the exit end of the exhaust noz- 

15 zle showing further details of the interaction be- 
tween the gas flow streams caused by the preferred 
tab arrangement of the present invention. 

[0018] Referring to Fig. 1 , in atypical turbofan engine 
20 1 o, having a longitudinally extending central axis, air en- 
ters the upstream end of the engine. As is well known 
in the art and, therefore, not illustrated herein, as air en- 
ters the front of the jet engine it passes through the fan 
and is split between a primary or core flow and a sec- 
25 ondary or bypass flow. The primary flow first enters a 
low pressure compressor then a high pressure com- 
pressor. The air is then mixed with fuel in a combustion 
chamber and the mixture is ignited and burned, thereby 
increasing its pressure and temperature. The resultant 
30 combustion products then flow into a high pressure tur- 
bine and a low pressure turbine which extract energy 
from the combustion gases to turn the fan and compres- 
sor. The gases then expand through an inner exhaust 
nozzle 20 to produce useful thrust. The bypass stream 
35 is compressed by the fan, flows outside the core of the 
engine through an annular duct concentric with the core 
engine and is exhausted through an outer exhaust noz- 
zle 30 as additional useful thrust. The two concentric 
flow streams join downstream of the turbine exhaust ar- 
40 ea of the engine. The two flows then mix together and 
with the surrounding ambient flow as described herein- 
after. 

[0019] Referring to Fig. 2, the preferred embodiment 
of the present invention is an arrangement of alternating 
45 tabs 40. This arrangement of tabs includes tabs 44 that 
are directed radially outward and extend into the fan flow 
stream, tabs 48 which are a smooth, continuous exten- 
sion of the exhaust nozzle duct 20, tabs 52 that are di- 
rected radially inward and extend into the core flow 
50 stream, followed by tabs 48 which are a smooth contin- 
uous extension of the exhaust nozzle duct. This alter- 
nating arrangement of tabs is repeated in sequence and 
is disposed along the entire circumference of the nozzle 
20 exit. 

55 [0020] Referring to Fig. 2A and 2C, the tabs 44, 52 
directed radially outwardly and inwardly with respect to 
the core and fan flow streams have an angular relation- 
ship with respect to the gas flow streams exiting through 
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the nozzles 20, 30. The tabs protrude at predetermined 
angles into either the core or fan flow stream. The an- 
gular orientation for the nozzle tabs of the preferred em- 
bodiment were determined to minimize any adverse im- 
pact to engine thrust. In the exemplary embodiment of 
the present invention, the angle of protrusion can range 
from zero to forty-five degrees (45°). Angles beyond 45° 
adversely impact engine thrust. 

[0021] Referring to Fig. 3, the vortices 56 created by 
the tabs 40 on the exhaust nozzle pull the core flow 
stream and fan flow stream into mixing engagement. 
The tabs 44 that are directed radially outwardly and ex- 
tend into the fan flow stream create vortices that cause 
the core flow emanating from inner exhaust nozzle 20 
to expand or be drawn into the secondary flow emanat- 
ing from outer exhaust nozzle 30. The tabs 52 that are 
directed radially inwardly and extend into the core flow 
create vortices that cause the fan flow to penetrate or 
be drawn into the core flow. The tabs 48 that are con- 
tinuous extensions of the exhaust nozzle prevent the 
outwardly and inwardly directed core and fan flows from 
interfering with each other. 

[0022] Referring to Figs. 3 and 4, each tab 44 that is 
directed radially outwardly produces a pair of stream- 
wise vortices that rotate in opposite directions. The vor- 
tices cause the mixing of the core flow and fan flow. Ef- 
fective mixing between the two flow streams alters flow 
disturbances between the core flow and fan flow inter- 
faces and results in attenuating jet noise. The right edge 
70 of tab 44 creates a vortex having a flow direction 
which is counter-clockwise. This vortex pulls the core 
flow outwardly into the fan flow. The left edge 78 of the 
tab 44 creates a vortex having a flow direction which is 
clockwise. This latter vortex pulls the core flow outward- 
ly into the fan flow. 

[0023] Similarly, a pair of streamwise vortices that ro- 
tate in opposite directions are created by each tab 52 
that is directed radially inwardly. The vortices created by 
the tabs 52 draw the fan flow radially inwardly into the 
core flow, thus pulling the fan flow and core flow into 
mixing engagement. 

[0024] The strength of this pair of vortices is approx- 
imately equal to the circulation or degree of mixing de- 
fined according to the following equation: 

circulation = 2 U h tanoc 

where "IT is the velocity difference between the 
velocity of the core flow and the fan flow, "h" is the height 
of a tab (the distance from the base of the tab to its down- 
stream end) and alpha (a) is the angle of protrusion ra- 
dially inwardly or outwardly of the flow stream. 
[0025] Thus, the circulation of the exhaust flows is a 
function of the difference of the velocities of flow streams 
that are mixing, the height or protrusion of the tabs into 
the flow streams and the tangent of the angle of protru- 
sion of the tabs into or out of the flow streams. The angle 



of protrusion into the flow streams may be in a range of 
zero degrees to forty-five degrees (45°). Angles greater 
than forty-five degrees may add appreciably to the thrust 
losses due to local flow separation which is detrimental 
5 to the performance of the nozzle. Even though the an- 
gular orientation of the tabs can range from 0 to 45°, for 
practical purposes the angular orientation range is from 
0 to 30°. 

[0026] In accordance with the triangular embodiment 
10 of the present invention, the height of the tabs is a func- 
tion of the circumferential size of the tabs. The maximum 
height of the triangular tabs can be represented by the 
following equation: 

h = ((nd)/N)/2 

where nd is the circumferential size of the tabs 
(the circumference of the nozzle at the base of the tabs) 
20 and N is the number of tabs disposed around the exit 
nozzle. 

[0027] In the turbofan engine industry, the effect of 
noise on humans is expressed in terms of an effective 
perceived noise level, EPNdB, expressed in decibels. 

25 At high mixed jet velocities in the range of 1 200 feet per 
second (366 ms _1 ), the jet noise suppression achieved 
by the present invention is over three EPNdB (3 EP- 
NdB). These higher jet velocities are achieved at take- 
off when noise suppression is desired. Thus, the present 

30 invention provides the required level of jet noise sup- 
pression during engine operation at high power levels. 
[0028] The tabbed nozzle of the present invention 
may be used in engines having both a primary core and 
a secondary fan nozzle as well as in engines having only 

35 a primary core exhaust nozzle. For bypass engines, the 
tab arrangement of the present invention can be dis- 
posed either on the exit end of both the primary and sec- 
ondary nozzle or on any one of the two nozzles. 
[0029] The tabbed nozzle of the present invention 

40 may be implemented in a variety of ways by any of a 
number of arrangements of tabs extending in radially in- 
ward and outward directions with a substantial angular 
offset from one another. As described hereinabove, the 
tabs may form an alternating arrangement as disclosed 

45 or alternatively some other combination of radially di- 
rected tabs and tabs continuous with the surface of the 
nozzle. Other combinations of the tabs may include a 
plurality of radially inwardly directed tabs adjacent to a 
plurality of radially outwardly directed tabs. 

50 [0030] The tabs may be spaced from each other or 
may be adjacent each other. 

[0031] It will also be understood by those skilled in the 
art that the above number of tabs described are derived 
for particular exhaust nozzle size and geometries. The 
55 number of tabs maybe adjusted to suit different nozzles. 
[0032] From the above it will be seen there has been 
described an arrangement leading to jet noise suppres- 
sion, especially during engine operation at high power 
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levels, without the addition of appreciable thrust losses, 
which results in minimum weight penalty for the gas tur- 
bine engine. 

[0033] All of the foregoing embodiments are repre- 
sentative of the preferred embodiment. It suffices for the 
present invention that agas turbine engine exhaust noz- 
zle for suppressing jet noise includes an arrangement 
of nozzle tabs that are directed and extend in radially 
inward and outward directions, for mixing the exhaust 
flow streams and the ambient. 

[0034] Although the invention has been shown and 
described with respect to detailed embodiments thereof, 
it should be understood by those skilled in the art that 
various changes in form and detail thereof may be made 
without departing from the scope of the claimed inven- 
tion. 



Claims 

1. A gas turbine exhaust nozzle (20, 30) comprising 
an arrangement of tabs (44, 52) extending in radi- 
ally inward and radially outward directions and ex- 
tending circumferentially around the nozzle, char- 
acterised in that said tabs are triangular in shape 
and that said tabs in use create vortices (56) for mix- 
ing the nozzle flow stream and an adjacent flow 
stream. 

2. The nozzle of Claim 1 , wherein the arrangement of 
tabs comprises a repeated sequence of tabs, 
wherein the sequence includes tabs (44) directed 
radially outward from the exhaust nozzle, tabs (52) 
directed radially inward from the exhaust nozzle 
and continuous tabbed extensions (48) of the noz- 
zle therebetween. 

3. The nozzle of Claim 1 or 2, wherein the tabs (44, 
52) directed radially inward and outward have a 
substantial angular offset from one another. 

4. The nozzle of Claim 3, wherein the tabs (44, 52) 
directed radially inward and outward protrude into 
or out of the nozzle flow stream at an angle of up to 
forty-five degrees (45°). 

5. The nozzle of Claim 4, wherein the tabs (44, 52) 
directed radially inward and outward protrude into 
or out of the nozzle flow stream at an angle of up to 
thirty degrees (30°). 

6. The nozzle of Claim 5 wherein the arrangement of 
triangular-shaped tabs (44, 52) having a circumfer- 
ential size, further comprises tab orientations to 
maximize the degree of mixing of flow streams, the 
degree of mixing being a function of the product of 
the velocity difference between the inner and outer 
flow streams, the height of the tabs and tangent of 



the angle of protrusion of the tabs into or out of the 
flow stream. 

7. The nozzle of Claim 6, wherein the height of the tabs 
5 further comprises a maximum size that is limited by 

the ratio of the circumferential size of the tabs and 
the number of tabs disposed along the nozzle. 

8. A nozzle (20) having an exit end in a gas turbine 
10 engine for suppressing jet noise comprising: 

a tab (44) directed radially outward and dis- 
posed on the exit end of the nozzle; 
a tab (52) directed radially inward and disposed 
15 on the exit end of the nozzle; 

and 

a tab (48), continuous with the exit end of the 
nozzle therebetween; 

20 wherein the alternating arrangement of tabs 

is disposed circumferentially about the exit end of 
the nozzle, characterised in that said tab directed 
radially outward and said tab directed radially in- 
ward are triangular in shape; and wherein the tabs 
25 create vortices which pull into mixing engagement 
the nozzle flow stream and a portion of ambient air. 

9. An exhaust nozzle system in a gas turbine engine 
for suppressing jet noise, the engine having a lon- 

30 gitudinally extending central axis, concentric inner 
and outer flow paths for carrying inner and outer flu- 
id flow streams through the engine, an inner and 
outer nozzle to discharge the inner and outer flow 
streams to ambient, characterised in that at least 
35 one of the nozzles comprises: 

an arrangement of tabs (44,52) directed and 
extending in radially inward and outward direc- 
tions, the tabs disposed circumferentially about 
40 the nozzle, wherein the tabs are triangular in 

shape and create vortices (56) which pull into 
mixing engagement the nozzle flow streams 
and a portion of ambient air. 

45 10. A gas turbine engine comprising a nozzle as 
claimed in any preceding claim. 

11. An engine as claimed in claim 10 wherein said en- 
gine comprises an inner nozzle (20) and an outer 
50 nozzle (30) wherein one or both of said nozzles is 
a nozzle as claimed in any of claims 1 to 1 0. 



Patentanspriiche 

55 

1 . Gasturbinenaustrittsduse (20, 30), aufweisend eine 
Anordnung von Laschen (44, 52), die in eine Rich- 
tung radial nach innen bzw. radial nach auGen ra- 
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gen und umfangsmaBig um die Duse sind, dadurch 
gekennzeichnet, dass die Laschen eine dreieck- 
formige Gestalt haben und bei Verwendung Wirbel 
(56) zum Mischen des DusenflieBstroms und eines 
benachbarten FlieBstroms erzeugen. 

2. Duse nach Anspruch 1, wobei die Anordnung von 
Laschen eine wiederholte Sequenz von Laschen 
aufweist, wobei die Sequenz Laschen (44) auf- 
weist, die radial nach auBen von der Austrittsduse 
gerichtet sind, Laschen (52), die radial nach innen 
von der Austrittsduse gerichtet sind, und kontinuier- 
liche Laschenverlangerungen (48) der Duse dazwi- 
schen. 

3. Duse nach Anspruch 1 oder 2, wobei die Laschen 
(44, 52), die radial nach innen bzw. nach auBen ge- 
richtet sind, einen substanziellen winkelmaBigen 
Versatz voneinander haben. 

4. Duse nach Anspruch 3, wobei die Laschen 44, 42, 
die radial nach innen bzw. nach auBen gerichtet 
sind mit einem Winkel von bis funfundvierzig Grad 
(45°) in den DusenflieBstrom hinein oder aus die- 
sen heraus vorspringen. 

5. Duse nach Anspruch 4, wobei die Laschen (44, 52), 
die radial nach innen bzw. radial nach auBen ge- 
richtet sind, in den DusenflieBstrom mit einem Win- 
kel von bis zu dreiBig Grad (30°) hinein oder heraus 
vorspringen. 

6. Duse nach einem der vorangehenden Anspruche, 
wobei die Anordnung von dreieckformigen La- 
schen, die eine UmfangsgroBe haben, ferner La- 
schenorientierungen aufweist, um das MaB des 
Vermischens der FlieBstrome zu maximieren, wo- 
bei das MaB des Vermischens eine Funktion des 
Produkts des Geschwindigkeitsunterschieds zwi- 
schen dem inneren und dem auBeren FlieBstrom, 
der Hohe der Laschen und der Tangente des Vor- 
sprungwinkels der Laschen in den FlieBstrom oder 
aus dem FlieBstrom ist. 

7. Duse nach Anspruch 6, wobei die Hohe der La- 
schen ferner eine maximale GroBe aufweist, die 
durch das Verhaltnis der UmfangsgroBe der La- 
schen und der Anzahl von Laschen, die entlang der 
Duse angeordnet sind, begrenzt ist. 

8. Duse (20) mit einem Auslassende in einer Gastur- 
binenmaschine zum Unterdrucken von Strahlge- 
rausch, aufweisend: 

eine Lasche (44), die radial nach auBen gerich- 
tet ist, und an dem Auslassende der Duse an- 
geordnet ist; 

eine Lasche (52), die radial nach innen gerich- 



tet ist und an dem Auslassende der Duse an- 
geordnet ist; und 

eine Lasche (48), kontinuierlich mit dem Aus- 
lassende der Duse, dazwischen; 

5 

wobei die alternierende Anordnung von Laschen 
umfangsmaBig um das Auslassende der Duse ist, 
dadurch gekennzeichnet, dass die Lasche, die 
radial nach auBen gerichtet ist, und die Lasche, die 
10 radial nach innen gerichtet sind, eine dreieckformi- 
ge Gestalt haben, und wobei die Laschen Wirbel 
erzeugen, die den DusenflieBstrom und einen Teil 
von Umgebungsluft in Mischeingriff Ziehen. 

15 9. Austrittsdusensystem in einem Gasturbinentrieb- 
werkzum Unterdrucken von Strahlgerausch, wobei 
das Triebwerk eine in Langsrichtung verlaufende 
Mittelachse, konzentrisch einen inneren und einen 
auBeren Stromungsweg zum Fuhren eines inneren 

20 und eines auBeren FluidflieBstroms durch die Ma- 
schine, eine innere und eine auBere Duse zum Ab- 
geben des inneren und des auBeren FlieBstroms in 
die Umgebung hat, dadurch gekennzeichnet, 
dass mindestens eine der Dusen aufweist: 

25 

eine Anordnung von Laschen (44, 52), die in 
eine Richtung radial nach innen bzw. radial 
nach au Ben gerichtet sind und ragen, wobei die 
Laschen umfangsmaBig um die Duse angeord- 
30 net sind, wobei die Laschen eine dreieckformi- 

ge Gestalt haben und Wirbel (56) erzeugen, 
welche die DusenflieBstrome und einen Teil 
von Umgebungsluft in Mischeingriff Ziehen. 

35 10. Gasturbinenmaschine aufweisend eine Duse ge- 
maB einem der vorangehenden Anspruche. 

1 1 . Triebwerk nach Anspruch 1 0, wobei das Triebwerk 
eine innere Duse (20) und eine auBere Duse (30) 
40 aufweist, wobei eine oder beide der Dusen eine Du- 
se gemaB einem der Anspruche 1 bis 10 ist. 



Revendications 

45 

1. Buse d'echappementde turbine a gaz (20,30)com- 
prenant un agencement de languettes (44, 52) qui 
s'etendent dans le sens radial vers I'interieur et 
dans le sens radial vers I'exterieur et qui s'etendent 

50 dans le sens circonferentiel autour de la buse, ca- 
racterise en ce que lesdites languettes sont de for- 
me triangulaire et que lesdites languettes, pendant 
leur utilisation, creent des tourbillons (56) pour me- 
langer le flux d'ecoulement de buse et un flux 

55 d'ecoulement adjacent. 

2. Buse selon la revendication 1 , dans laquelle I'agen- 
cement de languettes comprend une sequence re- 
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petee de languettes, la sequence comprenant des 
languettes (44) dirigees dans le sens radial vers 
I'exterieur depuis la buse d'echappement, des lan- 
guettes (52) dirigees dans le sens radial vers I'ex- 
terieur depuis la buse d'echappement et, entre cel- 
les-ci, des extensions continues de la buse de type 
languette (48) 

3. Buse selon la revendication 1 ou 2, dans laquelle 
les languettes (44, 52) dirigees dans le sens radial 
vers I'interieur et vers I'exterieur presentent un de- 
calage angulaire substantiel I'une par rapport a 
I'autre. 

4. Buse selon la revendication 3, dans laquelle les lan- 
guettes (44, 52) dirigees dans le sens radial vers 
I'interieur et vers I'exterieur font saille dans ou hors 
du flux d'ecoulement de buse a un angle allant jus- 
qu'a quarante-cinq degres (45°). 

5. Buse selon la revendication 4, dans laquelle les lan- 
guettes (44, 52) dirigees dans le sens radial vers 
I'interieur et vers I'exterieur font saillie dans ou hors 
du flux d'ecoulement de buse a un angle allant jus- 
qu'a trente degres (30°). 

6. Buse selon I'une quelconque des revendications 
precedentes, dans laquelle I'agencement de lan- 
guettes de forme triangulaire (44, 52) presentant 
une taille circonferentielle, comprend en outre des 
orientations de languette pour maximiser le degre 
de melange des flux d'ecoulement, le degre de me- 
lange etant une fonction du produit de la difference 
de Vitesse entre les flux d'ecoulement interieur et 
exterieur, la hauteur des languettes et la tangente 
de Tangle de saillie des languettes dans et hors du 
flux d'ecoulement. 

7. Buse selon la revendication 6, dans laquelle la hau- 
teur des languettes a en outre une taille maximum 
qui est limitee par le rapport de la taille circonferen- 
tielle des languettes et du nombre de languettes 
disposees le long de la buse. 

8. Buse (20) comprenant une extremite de sortie dans 
un moteur de turbine a gaz pour supprimer le bruit 
du jet comprenant : 

une languette (44) dirigee dans le sens radial 
vers I'exterieur et disposee sur I'extremite de 
sortie de la buse ; 

une languette (52) dirigee dans le sens radial 
vers I'interieur sur I'extremite de sortie de la 
buse ; et 

entre les deux, une languette (48), en continui- 
ty avec I'extremite de sortie de la buse ; 

dans laquelle I'agencement alterne des lan- 



guettes est dispose de maniere circonferentielle 
autour de I'extremite de sortie de la buse, caracte- 
risee en ce que ladite languette dirigee dans le 
sens radial vers I'exterieur et ladite languette diri- 
5 gee dans le sens radial vers I'interieur sont de forme 

triangulaire, et dans lequel les languettes creent 
des tourbillons qui entralnent le melange du flux 
d'ecoulement de buse et d'une partie de I'air am- 
biant. 

10 

9. Systeme de buse d'echappement dans un moteur 
de turbine a gaz destine a supprimer le bruit du jet, 
le moteur comprenant un axe central s'etendant 
dans le sens longitudinal, des trajectoires d'ecoule- 

15 ment interieure et exterieure concentriques desti- 
nees a transporter des flux d'ecoulement de fluide 
interieur et exterieur a travers le moteur, une buse 
interne et une buse externe pour ejecter les flux 
d'ecoulement interieur et exterieur vers I'environne- 

20 ment ambiant, caracterise en ce qu'au moins une 
des buses comprend : 

un agencement de languettes (44, 52) dirigees 
et s'etendant dans le sens radial vers I'interieur 
25 et dans le sens radial vers I'exterieur, les lan- 

guettes etant disposees de maniere circonfe- 
rentielle autour de la buse, dans laquelle les 
languettes sont de forme triangulaire et creent 
des tourbillons (56) qui entralnent le melange 
30 les flux d'ecoulement de buse et d'une partie 

de I'air ambiant. 

10. Moteur de turbine agaz comprenant une buse selon 
I'une quelconque des revendications precedentes. 

35 

11. Moteur selon la revendication 10, dans lequel ledit 
moteur comprend une buse interieure (20) et une 
buse exterieure (30) une desdites buses ou les 
deux etant une buse selon I'une quelconque des re- 

40 vendications 1 a 10. 
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